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METHODS FOR PRJWENTION OF HEATING OF AN ADSORBENT By 

OF ADSORBED M0LECUL;ES 
INTRARED RADIATION I N  STUDIES ON THE SPECTRA 

G.A.Galkin, A.V.Kiselev, and V.I.Lyginl) I -  
ABSTRACT. A method i s  discussed f o r  preventing in t e rna l  heating 
of an adsorbent i n  studies on the  interact ion of adsorbed mole- 
cules and the surface i n  quantitative comparisons of spectral  
and adsorption data frominfrared spectra. Placing the  speci- 
men i n  a resolved beam of infrared radiation, so  as t o  cause a 
monochromatic l i gh t  beam t o  pass  through it, w i l l  e f fect ively 
prevent heating. 
system of the  UR-10 spectrometer, i s  described. 

The modified ce l l ,  used i n  t h e  two-beam 

f 74.()?:t 

The most complete information on the interact ion between adsorbed molecules 
and the  surface, and on t h e i r  s ta te ,  can be obtained from infrared spectra by 
quantitative comparison of the  spectral  and adsorption data a t  known surface 
coverage of the  adsorbed molecules. U n t i l  now, however, a l l  spectral  studies 
have neglected the heating of the adsorbent specimen by the infrared radiation, 
so that the  spectral  data cannot be quantitatively compared with the  data of the  
adsorption methods, found i n  most cases a t  constant and moderate temperatures 
(generally, room temperature). 
adsorbed molecules [cf.  survey i n  another paper (Ref .1 7 1 have no provision f o r  
measuring the specimen temperature. 
elsewhere (Ref .2, 3 ) .  

Most ce l l s  f o r  studyi the infrared spectra of 

Cells that cool the  specimen are described 

The c e l l  shown i n  Fig.1 was used by us f o r  this work. The c e l l  body (1) 
It had two openings with windows (2) of trans- was made of molybdenum glass. 

parent material, t o  pass infrared radiation. 
body with BF-2 cement. 
t he  ground-glass jo in t  ( 3 ) .  
closed tube ( 5 )  t o  which the specimen (7)  was mounted by means of the holder (6)  
made of metal f o i l .  The specimen was heated 
by the  s p i r a l  (8) passing through the  closed tube (5 )  of the  i n l e t  tube. 
specimen was cooled by pouring a coolant i n t o  the i n l e t  tube (4 ) .  
t u r e  was  determined by a constantan-capper thermocouple introduced i n t o  the c e l l  
through the  branch tube ( 9 ) .  Piceine was used f o r  the  vacuum seal.  The thermo- 
couple was  pressed i n t o  the  t ab le t  of adsorbent. 
a t  temperatures up t o  400°C. The c e l l  body (l), the  ground-glass jo in t  (3) ,  and 
t h e  Windows (2)  were cooled by water passed through the capper tubes (10) at- 
tached t o  the  c e l l  body. 

The windows were pasted t o  the c e l l  
The inlet tube (4.) entered the top of the  c e l l  through 

The end of t he  i n l e t  tube carried a soldered-on 

The inlet tube was made of quartz. 
The 

The tempera- 

The spechen could be exhausted 

Working w i t h  this c e l l  i n  the two-beam system of the 

Department of Chemistry, Moscow State University im. M.V.Lomonosov; Ins t i t u t e  
of Physical Chemistry, USSR Academy of Sciences. 
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U R l O  spectrometer, the temperature of the  specimen could be brought down t o  
25 - 3OoC, the  temperature most frequently used i n  adsorption studies, by put- 
ting an i c e  and water mixture in to  the  i n l e t  tube (4 ) .  

/7.!+1 

I O  

Fig.1 Vacuum Cell f o r  Studying Infra- 
red Spectra of Adsorbed Molecules a t  
Various Determinable Temperatures 

of the Specimen. 

80 - 

70 - 

'60 

so 

- 

- - 1 I f  12 N 14 
C u r r e n t  of g l o b a r ,  amp 

Fig.2 Dependence of Temperature of 
Pressed Aerosil Tablet Fkhausted 

a t :  1 - 25OC o r  2 - 400°C on 
the  Current through the  Globar 

of the Spectrometer. 

I n  taking spectra without cooling, we found tha t  the specimen was strongly 

figure 2 is a p lo t  of the temperature of a p l a t e l e t  of 
heated by the  infrared beam. 
i n g  through the globar. 
Aerosil ( s i l i c a  powder) placed i n  the c e l l  (Fig.1) versus the current through 
the  globar of the UR-10 infrared spectrometer. 
perature  of the  specimen under ordinary operating conditions (globar current, 
13 - asp) i s  70 - 8OoC and depends strongly on both the globar current and 
the  specimen preparation. 
heating by removing the  adsorbed water and a considerable pa r t  of the surface 
hydroxyl groups (Ref .4) whose valence vibrations yield absorption bands closest  
t o  t h e  region of maximum power of the globar radiation. 

The extent of heating depended on the current pass- 

T h i s  graph shows that  the  tem- 

Exhaustion of  t he  specimen at  4OO0C decreases the  

The accompanying tab le  shows that  the  heating of the specimen during ad- 
sorpt ion i s  likewise determined by the convective removal of heat and depends 
on the  vapor pressure of the adsorbed substance i n  the ce l l .  Introduction of 
benzene vapor in to  the  c e l l  causes a rapid r i s e  i n  the specimen temperature; 
this rise then slows down as  a resu l t  of heat removal by convection. 
r en t  dependence of the specimen temperature is par t icular ly  d i s t inc t  when t h e  

This cur- 
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DEPENDEXlCE OF THE TEMPERATURE OF A PRESSED 
AERL)SIL TABLET AND OF 7 ,  THE PROPORTION OF 
HYDEEDXYL GROUPS PARTICIPATING I N  THE REAC- 
TION, ON THE CURRENT THROWH THE GUBAR AND 

THE VAPOR PRESSURF: OF BENZENE I N  THE CELL 

1;:; 1 
80 0.52 0.45 1.0 

1 I:; I i*5 1 0.24 CL;6 10.28 0.16 10.13 0.07 10.73 0.50 

heater (8) i s  used (Table). 
In  this case, despite the  in- 
crease i n  adsorption and t h e  
accompanying increase.in ab- 
sorption of t he  energy of the  
infrared radiation a t  higher 
re la t ive  pressures of the  
benzene vapor, a decline i n  
specimen temperature i s  noted. 

An increase i n  specimen 
temperature has a strong ef- 
fec t  on the  adsorptive equi- 
librium (the surface concen- 

t r a t i o n  of the adsorbate declining sharply) and is d i s t inc t ly  manifest i n  the 
decreased proportion 7 of hydroxyl groups par t ic ipat ing i n  the interact ion with 
the  adsorbed molecules (see the  table) .  The quantity i s  defined as the r a t i o  

(difference i n  in tens i ty  of the 3749 cm-I absorption band before and a f t e r  ad- 
sorption) t o  t h e i r  t o t a l  number (or iginal  intensi ty) .  

(Fig.1) does not overcome a l l  d i f f i cu l t i e s  of a combined study of spectral  and 
adsorption properties. 
be a t  a temperature lower than tha t  of the specimen (Fig.1) so tha t  the vapors 
of many substances may condense there  and pass i n t o  the l iquid o r  sol id  s ta te .  
A low equilibrium pressure of the vapor with this s t a t e  i s  then established, ad- 
sorption decreases, and adsorptive equilibrium i s  established very slowly. 

of the  number of hydroxyl groups interacting with the  adsorbed molecules m 

Preventing the heating of the  specimen by addi t ional  cooling with a coolant 

With such cooling, the  w a l l s  of the i n l e t  tube (4.) w i l l  

Strong heating of the  specimen may be prevented by interposing a f i l t e r  
between radiat ion source and specimen, with absorption i n  the region of &mum 
radiat ion of the  globar. It i s  d i f f icu l t ,  however, t o  se lec t  a f i l t e r  t h a t  w i l l  
prevent heating without simultaneously absorbing radiation i n  the working region 
of t he  spectrum. 

The most convenient method of preventing heating and permitting a study of 
the  spectra of adsorbed substances at  room temperature i s  t o  place the specimen 
i n  a resolved beam of infrared radiation, so tha t  a monochromatic l i gh t  beam 
w i l l  pass through it. 
method (Ref - 5 ) .  
instrument and imposes many rest r ic t ions,  due mainly t o  having t o  work with a 
single-beam system and the  consequent lack of compensation of absorption by the  
vapor of the  atmosphere. 
absorption of hydroxyl groups. The strong absorption by atmospheric water vapor 
and t h e  water vapor inside the IiiF prism makes it necessary t o  deuterize the  
specimen and t o  then study the  spectrum of the deuterium-substituted substances. 

McDonald c a l l s  a t tent ion t o  the  poss ib i l i t y  of using this 
However, use of t h i s  single-beam system re@res rebuilding the  

Special d i f f i cu l t i e s  a r i s e  i n  studying the region of 

If the  UR-10 spectrometer i s  used and the specimen i s  placed i n  a beam of 
resolved l i gh t ,  operating on t h e  single-beam principle,  the cover of the thermo- 
s t a t ed  p a r t  of the spectrometer must be replaced by a new one with an opening 
i n t o  which the  c e l l  i s  introduced, with the  specimen centered re la t ive  t o  the  
beam after the  ex i t  s l i t  of the monochromator. 
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The resu l tan t  values f o r  q,  t h e  proportion of hydroxyl groups on the  
surface par t ic ipa t ing  i n  t h e  in te rac t ion  with t h e  adsorbed molecules ( t ab le ) ,  
are c loses t  t o  t h e  results of adsorption measurements . 
Conclusions 

In  studying inf ra red  spectra  i n  a two-beam system, the specimen of adsorb- 
ent  i s  heated t o  70 - 8OoC.  
and number of adsorbed molecules. 
by placing it i n  a monochromatic beam. 

The heating of t h e  specimen depends on the  kind 
Heating of t he  specimen i s  conpletely avoided 
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